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Abstract 
The paper focuses on determining the biochemical methane potential of macrophyte Cerathophyllum demersum via batch test 
analysis. Artificially grown samples are used. The highest gained methane yield is 471 l CH4/kg VS with algae-inoculum ratio 
1:10.  
 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of Riga Technical University, Institute of Energy Systems and Environment. 
Keywords: biogas yield; macrophyte; batch test 
1. Introduction 
In the face of constant growth of the world population, the life comfort levels together with the overall energy 
demand, follow the same trend. Within this light, key issues like resource depletion, global warming and pollution 
have encouraged the European Union (EU) to set goals for the year 2020 (also known as 20-20-20 targets) [1] in 
order to increase the renewable energy share in its gross final consumption by 2020 [1]. Within this background, 
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new research on novel technologies and solutions within the framework for renewable energy source is encouraged 
[1]. 
Anaerobic digestion (AD) for biogas production is one of the most promising conversion processes with an 
important role in moving toward a higher share of renewable energy source use. In fact within the last decade the 
production of biogas in Latvia increased from 55 TJ in 2002 [2] to 2 175 TJ in 2012 [2]. Overall in the EU there has 
been growth (from 128 555 TJ in 2002 to 506 186 TJ in 2012), but not as steep as in case of Latvia [2]. 
Biogas-based systems are involving into well-known, effective and potentially flexible (due to the use of 
different types of substrate) technologies. Even though issue on the use of more sustainable biomass feedstock is 
still a matter of research. It involves move from a first-generation biogas (i.e. using edible energy crops as 
feedstock) to a third type generation through non-edible energy crops cultivation (algae as biomass feedstock) [3]. 
Nevertheless, algae cultivation strictly related to bioenergy purposes needs improvement from a technical and 
environmental perspective in order to be profitable at the industrial scale [3, 4]. 
In recent years the use of micro- and macro-algae for energy production has been examined for several reasons – 
high productivity and growing rates (species-specific parameters, but can be higher than terrestrial plants), 
adaptation to different growing mediums (saline, brackish water) and high lipid content (for the production of 
biofuels). Also the overall carbon neutrality (if we consider the final combustion of biological biomass and the 
avoided use of arable lands) is among crucial reasons for improvement of the research field on algae and their end 
use. [5, 6] In this respect, extended research of alternative types of biomass can also involve biomass very similar to 
macro-algae like water plants (macrophytes) that can thus be potentially considered as feedstock for biogas 
production in the same manner as algae. The similarity of macrophytes to macro-algae is species-specific and should 
be evaluated in each case separately [3í6]. 
Within this perspective the aim of the proposed work was mainly oriented to evaluate the biochemical methane 
potential (BMP) of locally available macrophyte species through the implementation of a specific biogas batch test 
study. The experiments were carried out in several stages – species determination, experiment planning, parameter 
determination, actual conducting of the experiment and data analysis.  
2. Materials and methods 
2.1. Selection of biomass and inoculum 
Latvia’s territory consist of inland water to the extent of 3.7 % (2 402 km2). Latvia has around 2700 species of 
freshwater algae and macrophytes, but for most of them the biogas yield (thus potential to be used in a large scale 
biogas production) is unknown. As Latvia has a total length of the Baltic Sea coastline equal to 498 km (including 
the Gulf of Riga), marine algae species are also present. Since no governmental framework program exists for on-
site surveys, the amount of naturally grown algae and macrophytes is unknown, and thus the selection of potential 
species and the quantification of the potential exploitable algae-based biomass are key questions for Latvian 
research. Consequently, the evaluation of potentially usable species for biogas production in Latvia’s conditions is 
an uninvestigated aspect that needs further and more extensive evaluations. [7] 
After a preliminary literature analysis, 7 species of macro-algae and macrophytes were selected for potential use 
in experimental analysis (C. demersum, L. Minor, E. Canadensis, P. natans L., Chara sp., F. vesiculosus, C. 
glomerata). The choice of species was further limited by availability, and thus the macrophyte species of 
Cerathophyllum demersum was chosen for the planned biogas batch tests. C. demersum – also called coontail - is a 
submerged, free-floating aquatic plant. Coontail has a cosmopolitan distribution, commonly used as an aquarium 
plant (see Fig. 1). It can be easily found in ponds, lakes, ditches, and quiet streams with moderate to high nutrient 
levels. It does not produce roots, instead it absorbs all nutrients it requires from the surrounding water. This 
macrophyte has an important biomass growth rate and good capability of absorbing environmental contaminants 
(e.g. metals and industrial radionuclides). [8] 
C. demersum is locally available in Latvian water bodies. This species is also used as an aquarium plant as it is 
not toxic for fish or other underwater life. The biomass samples used are from an aquatic center growing underwater 
life and thus biomass was subject to additives used to maintain the water conditions of aquariums. [8] 
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Specifically for the batch tests, anaerobic suspended biomass from the municipal wastewater treatment plant 
“Daugavgriva” (Riga, Latvia) anaerobic digester was selected as inoculum.   
2.2. Preparation of substrates 
For the first experiments part of the macrophytes biomass was kept in small aquariums with a room temperature 
water (+20 °C) and a 12 hour lighting regime while for the latter experiment, the biomass was frozen in order to 
avoid the biodegradation of the selected sample of biomass. In order to be used properly within the selected batches, 
the biomass of macrophyte was shredded using a hand blender. As it can be seen in Figure 1, this process was 
stopped when an average size of the particles around 2 mm was reached, thus creating biomass slurry (see Figure 
1(c)). As the slurry with time segregates, a mixing of the biomass before the experiment was applied. 
 
Fig. 1. (a) newly grown sample of macrophyte C. demersum, (b) – fully grown sample of macrophyte C. demersum, (c) – Shredded macrophyte 
C. demersum on milimeter paper. 
In order to determine the quantities needed for the experiment, the total solids (TS) and volatile solids (VS) 
content of the biomass and inoculum was determined using the EPA methodology (see Table 1). [9] 
Table 1. Characteristics of inoculum and macrophyte C.demersum biomass 
Total Solids Standard Deviation Volatile Solids Standard Deviation
Inoculum 1.92 % 0.04 % 59.79 % 0.14 %
C. Demersum 5.11 % 0.28 % 78.30 % 0.86 %
 
In order to minimize the possible influence on the experimental results from inoculum, it was kept at 37 °C in the 
incubator for 5 days prior to the experiments (degassing). Filtration, dilution and other forms of pre-treatment were 
not applied to inoculum.  
2.3. Set-up of batch experiments 
The experiment was carried out under mesophilic conditions at 37 °C in 100 ml serum bottles with a maximum 
loading volume of 60 ml wherein macrophyte biomass in different ratios was introduced. The ratios of biomass í 
inoculum tested are 1:10 1:5 and 1:3. Also reference samples (with no biomass but with inoculum) were set-up to 
use as a benchmark for estimating biogas yield for biomass.  
The serum bottles (digesters) contained biomass, inoculum, water and additive (3M NaHCO3 solution was added 
to provide buffer-capacity) (see Table 2.).  
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After filling the digesters with its content, they were flushed with oxygen-free nitrogen gas for 2 min, before 
starting the incubation. The biogas production and gas content was controlled after each 24í48 hours during the 
experiments. Digesters were kept in an incubator for a month.  
Biogas produced was measured in the syringes filled with 3M NaOH solution. The volume of the appeared gas 
was equivalent to the methane volume produced as carbon dioxide is soluble in the solution. This method does not 
provide data on the methane and carbon dioxide ratio, but is simple, cheap and provides the necessary data on 
methane yield of biomass. The methane production was measured cumulatively. 
Table 2. Experiment plan, where ww – wet weight. 
 
 
2.4. Analytical methods 
After the 30-day period the measurements of methane yield were finished. Standard method was applied for pH 
measurement (LUTRON PH-208). Determination of total inorganic carbon (TC) and total volatile acid (TVA) 
values were performed as a two-step endpoint titration using 0.1M sulphuric acid. [10] Determination of these 
values can provide insight in the biogas production process stage.  
 
3. Results 
The experiments provided a quantitative assessment of the biochemical methane potential from locally available 
macrophyte C. demersum. 
 
Sample 
Inoculum C. demersum Ratio 
Algae: Inoculum 
NaHCO3 Water 
g ww g TS g ww g TS ml Ml 
1.1.
20 0.4 - - - 1 301.2.
1.3.
2.1.
20 0.4 1.3 0.039 1:10 1 302.2.
2.3.
3.1.
20 0.4 2.7 0.081 1:5 1 303.2.
3.3.
4.1.
20 0.4 4.4 0.132 1:3 1 304.2.
4.3.
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Fig. 2. Cumulative biochemical methane yield of samples containing macrophyte C.demersum biomass (2.x. – with ratio algae : inoculum 1:10; 
3.x. – with ratio 1:5; 4.x. – with ratio 1:3). 
The cumulative yield of samples (see Fig. 2.) shows the amount of biomethane produced together with the impact 
of inoculum. It can be clearly seen that sample 2.1 is faulty as it yields approximately half of that of samples 2.2 and 
2.3. Also samples with a larger ratio (1:10 compared to 1:5 and 1:3) show a larger final yield.  
When determining the total yield of biomass, faulty samples should be taken out of calculations (see Table 3). 
The corrections are based on the Standard Deviations (SD) of final results. It is assumed that SD should not be 
higher than 10 % in order to have reliable results.  
Table 3. Biochemical methane yield of C. demersum. 
  Actual yield  Corrected yield  
Sample l CH4/kg VS SD l CH4/kg VS SD 
2.1.
2.2.
2.3.
345.16 178.21 471.18 0
3.1.
3.2.
3.3.
398.33 18.37   
4.1.
4.2.
4.3.
377.98 35.48   
 
As it can be seen, the highest methane yield is 471 l CH4/kg VS followed by 398 and 377 l CH4/kg VS depending 
on the algae-inoculum ratio. Previously in literature there were no mentions of the biogas or biochemical methane 
potential of this particular species of macrophyte. The previous experiments with this species showed a biochemical 
methane potential yield of 554 l CH4/kg VS and 462 l CH4/kg VS for larger and smaller size particles respectively. 
All other parameters of the experiments (algae-inoculum ratio of 1:10, additive amount, temperature regime etc.) 
were kept the same. [11] 
The analysis of total volatile acids and total inorganic carbon shows a minor difference between the different 
samples (see Fig. 3).  
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Fig. 3. Total Volatile Acid, Total inorganic Carbon and their ratio content of C.demersum biomass containing samples. 
The ratio TVA/TC shows how much carbon is left for the bacteria to consume, meaning that the lower the value, 
the less available food for bacteria is left. As these measurements are made after the AD process, the low values 
show that the methane production phase is over.  
Also the pH levels of samples after AD process were determined (see Fig.4). 
 
 
Fig. 4. pH content of C.demersum biomass containing samples. 
A trend of pH level decrease with the increase of algae-inoculum ratio can be seen (though the difference is 
small). For sample 2.1, which provided faulty results, the pH level is lower, indicating that the process may be 
disturbed by dirty equipment or oxygen presence in the AD process.  
4. Discussion and conclusions 
The selection of macrophyte biomass for experiments raises some issues related to naturally grown algae 
collection and use for biogas production. The quality of inland waters in Latvia is characterized as a potentially good 
resource for biomass production since it would represent a potential environmental benefit in terms of 
eutrophication decrease. As there are no governmental programs for evaluating and estimating the amounts of 
macro-algae and macrophytes in the water bodies of Latvia, the information is scarce or non-existent. There are 
2 256 lakes larger than 1 ha (and even more smaller ones), but, knowing the potential area or volume for algae 
growth mediums, does not provide qualitative information enough for potentially available amount, especially with 
such a large available species count (around 2 700 species). Even if the maximum potential amount in algae and 
macrophyte biomass in water bodies in Latvia would be know, that would not be equal to the amount available for 
further use. Many water bodies in Latvia are protected or contain protected species so should not be taken into 
account. Also the infrastructure near the water body might not support the extraction of algae from them. These are 
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some of the issues related to the collection of naturally grown algae that can be solved, but still should be taken into 
account when evaluating different biomass production systems [7, 12]. 
In order to start to move toward a potential industrialized cultivation system, preliminary tests on the biomethane 
potential yield have been carried on local available macrophytes.  
The experiments provided the values of biogas yield of C.demersum in batch tests 470 l CH4/kg VS with algae-
inoculum ratio of 1:10 and 400 and 370 l CH4/kg VS with ratios 1:5 and 1:3, respectively. The results coincide with 
the previous experiments of the authors [11], but there is no other literature available for comparison. As the values 
depend on the algae-inoculum ratio, more experiments are needed on a larger scale to determine the biogas yield 
value for more realistic and larger scale use.  
A greater understanding of the AD process and the input material characteristics would be useful. The chemical 
composition analysis of both inoculum and biomass would provide data for better understanding of the materials as 
well as the overall process. More tests of input chemical compositions are needed to understand the C:N ratio and 
other parameters and find the best option for inputs and additives. 
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